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FOREWORD

For the protection of human subjects, the inves-
tigyator(s) have adhered to policies of applicable
Federal Law 45CFR46.

In conducting research using animals, the
investigator(s) adhered to the "Guide for the Care and
Use of Laboratory Animals,” prepar=d by the Committee
on Care and Use of Laboratory Animals of the Institute
of Laboratory Animal Resources, National Research
Council (NIH Publication No. £6-23, Revised 1985).

Citations of commercial organizations and trade
names in this report do not constitute an official
Department of the Army endorsement or approval of the
products or services of these organizations.
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1. BRIEF RESEARCH SYNOPSIS

The goal during year 91 of this project was to begin preparing
and characterizing mouse and human monoclonal antibodies to botulinum
toxoids. The initi«l step was to refine enzvme immunocassavs for lden-
tifying both mouse and human monoclonal antibodies in hybridoma culture
supernatants. Progress in this area has been good, though minor technical
problems remain to be solved. Optimization of these assays was accom-
plished with hyperimmune mouse and human antisera obtained from Dr. Martin
Crumrine, USAMRIID

We began to prepare mouse monoclonal antibodies agalinst pentavalent
botulinum toxoid, Hybridomas were prepared and their antibody products
identified by enzyme immunoassay emploving pentavalent toxoid as the
antigen., Although more than a Jozen positive culture supernatants were
tdentified, none of these were frankly protective in the standard mouse
protection assay performed at USAMRIID. As the pentavalent toxoid prep-
aration contalns only 10% toxoid by weight, {t {s likely that most {f
not all of the antibodies were directed to other protein species. We
decided to screen these supernatants on monovaleut tvpes B and E toxolds.
Some of the supernatants did react with type B, while none reacted with
type £, However, the latter was never successfully employed as an antigen
in the enzyme Immunoassays using hyperimmune antisera. The type R toxoid
results were at first encouraging, but the same problems with purity
exist with these monovalent toxold preparations.

These {nftial studies led us to the conclusion that we needed 1) to

use highly purified antiyen preparations, and 2) to {mmunizo mice wich

single toxold types rather than pentavalent toxoid. As the present project

sk



was limited to the preparation of hybridomas but not botulinum toxoids,

we had a short moratorium while highly purified toxins A and B were obtained

from Dr. Das Gupta, and these toxins toxolded by Dr. Crumrine at USAMRIID.

Upon receiving these toxoids, we attempted to establish enzyme
immunoassays. Unfortunately, only the type B material proved viable;
the type A toxoid was apparently denatured. This finding was also docu-
mented by Dr. Crumrine. We immunized mice witn type B and prepared
hybridomas. Seven high titered cultures were identified by enzyme
immunoassay agains: type B toxoid and samples of culture supernatants
sent to USAMRIID for mouse protection tests. None of these supernatants
were protective. Nevertheless, the use of pure ﬁoxoid étrongly suggests
that these antibodies are indeed directed to botulinum toxoid type B
epitopes. Failure in the protection assay could have resulted from 1)
antibody reactivity against toxoid, but not toxin epitopes, or 2) from
faflure to isolate antibodies that bind to the "toxic” site on the toxin
molecule. The‘findings suggest that a multitude cf mouse monoclonal
antibodies may have to be screened to identify one or two with toxin-
neutralizing capabilities. However, should the site(s) on the toxin
molecule responsible for binding to receptors or internalization bc
identified by other contractors, these fragments could be used as
jmmunogens to increase the likelihood of finding toxin-neutralizing
antibodies.

Notwithstanding the early discouraging results with toxin neutral-
fzation, the antibodies isolated so far may certainly find utility as
diagnostic reagents. In the next segment of our contract, as more puri-
fied toxoids are made Available from USAMRIID, we will determine the
cross~reactivity of each antibody for the various toxoid types using

the enzyme immunoassay system.




It should be noted that all of the hybridomas identified as

anti-botulinum toxoid antibodv secretors have been expanded in culture
and crvopreserved, Two of rhe rvae 3 reactive hvhridomas have been
“lored and tie olones oo v ot v ombers and crvapreserved,

A brief word ig in order about the human hybridoma portion of
the project. Although we have concentrated on mouse hybridomas in
the initial phases of the project, some work has been done on human
hybridomas. We have obtained perioheral blood lymphocvtes from a
USAMRIID donor at several time raiats followingz an annual hooster
{mmunization with pentavalent toxoid. Although one aborted attempt
was made to prepare hvybridomas, the majority cells have been cryopre-
served for use at a later time. As the human lymphocytes are a limited
resource, we plan to perfect the assavs and hybridoma procedures in
the mouse system before exerting a concentrated effort toward preparing
human hybridomas. ‘However, sowe {nitial fusions are planned for early
in the spring of 1933,

We conclude this brief summary bSv pointing out that progress in
rhis contract {3 sonewhat dependent on the supply of purified botulinum
toxnids. Tt may he fortultcus, however, that the supply of toxolds is
l{miting, as w- mav be reaquired to produce and screen hundreds of moano-
clonals to eiach toxold tvpe to find one that neutralizes. OQver the next
few months we nlan to adapr the existing cloned hybridomas to growth
a3 ascites tumors {n mice so that larye quantities of antihodv can be
produced. We will supply workers at USAMRIID with these antibodies to
farilitate the development of a standardfzed and reliahle {mmunoassay
for botullnum toxin, and to facilltate studles of the structure-function

relationships of botuylinum toxins.




2. DETAILED PROGRESS REPORT

2.1. Enzyme immunoassays for mouse and human anti-botulinum toxoid 5

antibodies

A reliable and reproducible assey for detecring monoclonal anti-

s

bodiss is essential to the hybridoma technique. As this project involved
the preparation of both mouse and human monoclonal antibodies reactive
with botulinum toxoids, we developed appropriate enzyme immunoassays.

2.1.1. Enzyme immunoassay using pentavalent botulinum toxoid vaccine

Serum from a mouse hyperimmunized with pentavalent toxoid (types
A-E) was used to standardize the mouse assay., The solid-phase adsorbant
employed was a round-bottom polystyrene microtiter plate (Dynatech, %
Alexandria, VA). Pentavalent toxoid (Michigan Dept. of Public Health, lot A2) }
was tested at various dilutions in 0.1 M carbonate buffer, pH 9.6. The
optimum dilution £1:100) was added in volumes of 100 vl to the plates
and allowed to incubate at 4°C overnighi. The plates were then wagshed
with phosphate buffered saline containing 0.05% Tween 20 (PBS-T) by 5
cycles of filling and emptving each well. Various dilutions of mouse
antiserum in PBS~T were added in 100 ul volumes to appropriate wells
and allowed to incubate for 30 min a2t 4°C. The plates were washed as
described above, and 100 ul of an appropriate dilution of rabbit
ant{-mouse kappa (light chain) was added for 30 min at 4°C. After another
wash cycle, 100 ul of goat anti-rabbit IgG conjugated with the enzyme
alkaline phosphatase was added. Thirty min later the plate was washed
and 100 ul of p-nitrophenylphosphate (substrate, 1 mg/ml) {n 10%
diethanclamine buffer, pH 9.8, was added. After 30 min the yellow colored
product (p-nitrophenol) of the enzyme-substrate reaction was measured

spectrophotometrically. A Flow Titertek Multiscan micro-ELISA reader




was used to scan the plates at 405 nm. Controls included normal mouse
serum substituted for the mouse hyperimmune serum, and the later lacubated
in wells not coated with antigen.

4 representative titration curve i{s shown {n Fig. 1. inder the
conditions described above, the mouse hyperimmune serum gave a fairly
llnear titration curve from undilute to a dilution of approximately
1:10,000. The abrsorbance generated bty normal mouse serum and the mouse
antiserum on uncoated wells was less than 0.1 units. It should be noted
that use of the anti-kappa reagent in this assay effectively detects all
mouse Iimmunoglobulin classes and subclasses since 987 of mouse immuno-
globulins bear the kappa rather than the lambda light chain. Alsu, the
double antibody procedurs amplifies the signal since multiple enzyme-
conjugated goat antibodies hind to each rabbit antibody.

A very similar procedure was used for measuring human antibodies to
pentavalent toxoid. Serum from an individual that had received a series
of immunizations with the pentavalent toxoild was employed as the standard.
As in the mouse assay, a double-antibody method was used. The only dif-
ference in the assay was the use of a heavy chain specific rabbit anti-
human 1gG reagent., We felt that the Immunization scheme used in the donor
would most likely result in IgG rather than IgM anti-toxoid antitodies.

It was understood, however, that a reagent that could detect both Tgf

and IgM antibodies (e.g., rabbhit anti~-human imminoglobulin or a mixture
of the TgG and IgM-specific reagents) would be employed for screening the
human-human hybridonmas.

A representative titration curve for this assay {s shown {n Fig. 2.

A iinear titration curve was also obtained with the human antiserum.




2.1.2. Enzyme immuroassay using monovalent types B and E botulinum toxoids

The first monovalent toxoids that were made available by USAMRITD
were types B and E. We attempted to use these toxoids as we used the
pentavalent toxoid in an enzyme immunoassay. 1t should be noted that
the quantities of these toxoids were limited, and the concentrztions used
te coat plates were the highest levels we could afford to use.

To assess the assay using these purified toxoids, we employed the
plasma from nur human donor. Types B and E toxoids were diluted to 1:100
in coating buffer and allowed to incubate in the microtiter wells over-
night at 4°C., Pentavalent toxoid was used as described above.

The results from this experiment are shown in Fig. 3. Note that
the donor plasma titrated best on the pentavalent toxold, a finding not
too surprising since presumably the plasma contains antibodies sgpecific
for all 5 toxoid types. A reascnably good titration curve was also
seen with the type B toxold, but very little activity was observed on
type E toxoid. A normal human serum control yielded a titration curve
superimposable on the toxoid E curve. These observed differences might
be due to any of the following: 1) the human plasma contains very little
anti-toxoid E, 11{) the absolute concentration of toxoid E is lower than
toxoid B,llii) inherent differences in toxoids B and E result in different
adsorption rates to polystyrene, iv) toxold E contains scme blocking
factor, or v) toxoid E has been denatured. These possibilities are not
mutually exclusive. 1In addition, Pr. Martin Crumrine, USAMRIID, noted

the same problem with E toxold in a different mode of immunoassay.




2.2. Preparation of mouse monoclonal antibcdies to pentavalent botulinum

toxoid

In the first set of immunizatiors, donor mice were given 0,2 ml
of pentavalent toxoid ST in Treund's complete adjuvart follawed at L4 days
by the same amount IP in saline. Three davs later the spleens of two
donors were reuoved and the dissociated lymphocytes (108) fused with mouse
plasmacytoma P3-X63-Ag8.653 (107). At two weeks the culture superaatanus
were screened agalnst pentavalent toxoid, and 14/192 wells were positive
(%IA absorbance values greater than 4 tvimes background). The cultures
ware exnanded to !4 well plates and supernatants rescreened 7 days later.
At this time only € of the 14 positives continued to gecrete. All 8 were
expanded to flask culture, supernatants harvested over 7-10 days, then
the cells were crvopreserved.

Supernatanrts from 13 of the original 14 positives were tested for
antibody reactivity agalnst monovale~Z type B and E toxoids. Thege results
are shown 1n Table 1. All 13 supernatants reacted with the pentavalent
toxeid, whereas only 7 showed reactivity to the type B toxoid. None of
the supernatants demonstrated binding to type £ toxoid, but this result
is probably due to the very poor quality of this toxnid.

Supernatancs from the 8 hybridoma culturesg with stahble antibody
production after 1 month were sent to Dr. Martin Crumrine, USAMRIID, for
testing {n the standard WHO mouse protection assay. The results of these
gtudles were equivocal. These supernatants were also tested in a com-
petitive binding assay by Dr. Crumrine; two of the 3upernatants gave
weakly poéitive results with type B toxin,

One highly positive hybpridoma des{znated B-Cl2 was cloned by limiting

dilution on {rradfated mouse tumor macrophages (P385D1).  Positive clones
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were ldentified by EIA on pentavalent toxoid, expanded in number, and
crycpreserved.

2.3. Preparation of mouse monoclonal antibodies to purified botulinum

toxcid type B

In a second set of immunizations, donor mice were immunized SC with
0.2 ml of highly purified botulinum toxoid type B emulsified inIFreund's
complete adjuvant. At 14 days, the mice were boosted with another 0.2 ml
given IP. Three days later spleens weve removed and the splenic lymphocytes
dissociated into single cell suspensions. These cells were fused exactly
as described earlier. At 14 days post-fusiorn supernatants cf these
cultures were tested for antibody reactivity against type B toxoid; 3%
of 288 wells (117} were positive by EIA. These »ositives were expanded
to larger wells and 16 with active growth tasted two weeks later. Ar
this time only seven were stili actively secreting autibody (Table 2).

Two of these were selected for clening.

In the course of assaying the anti-B toxulfy antibndies, we performed
an expeciment to determine whether purified B toxoid diluted in coating
buffer could be "recycled.” The prevailing opinion among USAMRIID workers
wag that the alkaline pH of coating huffer would denature the 2nxin, and
possibly the toxoid, rendering f{t unusable for immunoassay. We tested
1:100 dilutions of type B toxold harvested from polystyrene plates and
held in coating buffer 2 weeks at 4°C against freshly prepared toxoid B.
The result of this experiment are shown in Fig. 4. Note that overnight
coating with recycled and fresh type B toxoid resulted in very similar
and usablz EIA titration curves. This finding 18 of partlcular importance
given the limited amount of purified type Bitoxoid available. Wa now
routinely harvest the coating antigen after its 24 hr incubation in the

polystyrene plates and reuse 1t in later experiments.




PRELIMINARY EVALUATTON OF HYBRIDOMAS PREPARED FROM

A PENTAVALENT BOATULLYOM TOXOID-IMMUNT 7ED MOUSE

Test Antigen 1

Supernatant Pentavalent B E
A-Bll 1.45 ) 0
A-D12 1.38 1.23 0
A-H1 1.20 0 0
B-A3 1.88 0 0
B-C12 >2.00 1.15 0
B-f12 1.35 0.55 0
B-H4 1.78 0 0
B-C8 >2.00 0.60 0
B--DR 1 A8 0.26 0
B-G4 5.20 0 0
B -8Bl 0.38 0 0
A-G9 1.38 0.50 0
B-D12 1.36 1.00 0
Neg. Cont. N.0k

! Numbers repregsent mean absorbance values of hvhridoma supernatants
in an enzyme immunoassay




TARBLE 2

RESULTS FROM BOTULINUM TOXOID TYPE B FUSION

Fusion Welld EIA (0.D. 405 nm)b
A-=C4 0.57¢ posd
A-T3 0.36
A-Ell 0.51 POS
A-H12 0.47 POS
B-Bll 0.29
B~D10 0.13
B-F2 0.14
B-F5 0.41
B-F8 0.28
B-HS 0.72¢ POS
c-D4 0.51 POS
c-D7 0.15
C-Eb4 0.59 POS
C-F2 0.05
C-H6 0.25
C-H12 0.12

Medium Only 0.06

2 Retest of 16 wells with viable hybrids

b Mean 0.D. of 2 replicates

¢ Cloned

d poS = posi{itive, chosen for further processing
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